Metabolic activation of pyrrolizidine alkaloids: insights into the structural and enzymatic basis.
Pyrrolizidine alkaloids (PAs) are natural toxins widely distributed in plants. The toxic potencies of different PAs vary significantly. PAs are mono- or diesters of necine acids with a necine base. On the basis of the necine bases, PAs are classified into three types: retronecine-type, otonecine-type, and platynecine-type. Hepatotoxic PAs contain an unsaturated necine base. PAs exert hepatotoxicity through metabolic activation by hepatic cytochromes P450s (CYPs) to generate reactive intermediates which form pyrrole-protein adducts. These adducts provide a mechanism-based biomarker to assess PA toxicity. In the present study, metabolic activation of 12 PAs from three structural types was investigated first in mice to demonstrate significant variations in hepatic metabolic activation of different PAs. Subsequently, the structural and enzymatic factors affecting metabolic activation of these PAs were further investigated by using human liver microsomes and recombinant human CYPs. Pyrrole-protein adducts were detected in the liver and blood of mice and the in vitro systems treated with toxic retronecine-type and otonecine-type PAs having unsaturated necine bases but not with a platynecine-type PA containing a saturated necine base. Retronecine-type PAs produced more pyrrole-protein adducts than otonecine-type PAs with similar necine acids, demonstrating that the structure of necine base affected PA toxic potency. Among retronecine-type PAs, open-ring diesters generated the highest amount of pyrrole-protein adducts, followed by macrocyclic diesters, while monoesters produced the least. Only CYP3A4 and CYP3A5 activated otonecine-type PAs, while all 10 CYPs studied showed the ability to activate retronecine-type PAs. Moreover, the contribution of major CYPs involved also varied significantly among retronecine-type PAs. In conclusion, our findings provide a scientific basis for predicting the toxicities of individual PAs in biological systems based on PA structural features and on the pattern of expression and the selectivity of the CYP isoforms present.